Summary. We show that one single Pomeron compatible with the Froissart limit, can account for all the present HERA data.
High energy diffraction, popular some twenty years ago in hadronic physics, has been rejuvenated after many years of almost total neglect by the so-called low-x physics i.e. by the measurement at HERA of the proton structure function νW 2 at small x [1, 2] . A terminology which had become nearly obsolete is essentially being rediscovered and of great interest is presently the connection between this new physics and the traditional high energy hadronic physics. The main issue at stake is whether QCD may shed light on the origin and the nature of the Pomeron, the entity which, in the conventional language of high energy physics determines the asymptotic behavior of the hadronic total cross sections. More specifically, the question is the precise determination of the Pomeron structure function following the original suggestions of Ingelman and Schlein [3] and of Donnachie and Landshoff [4] . It is not our aim in this paper neither to review the (by now fairly large) literature on this subject [5] , nor to debate how much precisely gluonic or partonic components the data seem to attribute to the Pomeron according to the various analyses [6] nor how well the data are accounted for by the various models [7] . Similarly, it is not our goal to review and update the old fashioned terminology (see for instance Ref. 8) .
What we want to do in this paper is to challenge the rather widespread belief that two Pomerons are necessary to describe the physical situation (even though the philosophies in these two papers are profoundly different, the reader could benefit from reading, for instance, the papers quoted in Ref. 9a, and 9b ).
We will try to reduce the formulation of our problem to its bare minimum at the risk of oversimplifying it (the kinematic and the variables to be used are perfectly conventional from Deep Inelastic Scattering (DIS) and summarized in Fig. 1 for the reaction ℓ(k) +
where ℓ is a lepton, N is a nucleon and X is all the remaining hadronic debris over whose variables a summation is implied).
i) When Q 2 → 0, νW 2 is related to the total cross section for real-photon proton scattering according to :
(where α is the electromagnetic coupling constant) as a consequence νW 2 must vanish linearly with Q 2 .
ii) When the Bjorken variable of DIS x is very small (say, typically x ≤ 10 −3 ), νW 2 will be dominated by its gluonic component and we are going to assume this even when comparing our form with data at considerably larger x, say of order 10 −2 . In this kinematical range we will run perilously close to where our approximation may break down; on the other hand the complications we would have to introduce to avoid this danger would make our analysis much more muddy and, consequently, much less conclusive.
iii) According to the conventional Regge theory, the asymptotic behavior of hadronic cross sections as s → ∞ should be up to logarithms of the form :
where α(0) is the intercept of each contributing Regge trajectory (of which, when the quantum numbers are those of the vacuum, the dominant, α P (0) is known as the
Pomeron intercept).
iv) For a diffractive process (such as the one analyzed at HERA, e+p → e ′ +p ′ +X where X has the quantum numbers of a vector meson), the dominant contribution comes from the Pomeron for which the intercept is allowed to attain its maximum value compatible with unitarity α P (0) = 1. In this case, however, logarithmic contributions are expected in Eq. (2) but, let us stress, v) unitarity guarantees that it must be :
In particular, Froissart's bound [10] states that a hadronic total cross section cannot grow faster than ln 2 s. Translated into the language of structure functions, owing to the correspondence :
(where W 2 , the total squared energy of the system γ * p is the equivalent of s in a hadronic reaction), Froissart bound states that, asymptotically, as
In what follows, we will show that one can indeed accomodate the HERA data to this limiting logarithmic behavior (or to a ln(1/x) one), in the line of thought of Ref.
[11], instead of the power one discussed below (eq. (8)).
Concerning this latter point, it was, in fact, shown long ago by Donnachie and Landshoff [12] that an effective Pomeron intercept of :
i.e. an effective form of the total cross sections :
accounts very well for a large quantity of data. Eq. (7) formally violates Froissart bound but the idea is that this will occur only at fantastically high energies * which will probably never be reached and where, presumably, higher order corrections (such as multi-Pomeron cuts) will restore the validity of Froissart's bound. Be as it may, the point is that the form (7) is phenomenologically quite adequate and with a minimum of parameters accounts, qualitatively, for a large set of data. Moreover, as shown by the same authors, the combination (1+7) extrapolates well the photoproduction cross section to the HERA energy domain. More precisely, one can say that it accounts well for the early HERA data (in Figure 2 which is taken from Ref. 9a, these data, not shown would lie along the curve up to
x not smaller than some 10 −2 ). Actually, the form which is shown in Figure 2 corresponds to including subasymptotic corrections suggested by the Regge pole analysis, i.e. the curve is :
where
As one sees from Fig. 2 , however, Eq. (8) while reproducing well the data for x not smaller than ≈ 10 −2 and Q 2 small, fails quite badly when extrapolated to much smaller x values where the latest HERA data show a much sharper rise.
Two problems arise at this point. One, conceptual, is, could this treatment be extended to the case in which the Froissart bound is respected ( i.e. could we use a form which would behave as (5) in the proper domain)? and the second, practical one, is, can this treatment be made compatible with the ensemble of HERA data small x but large Q 2 which, on the contrary, deviate drastically from the form (8)?
These questions are central to our present paper. Concerning the second, practical point, this is precisely the reason why, in the literature, one introduces [9,13] something which we will call a hard Pomeron [14] in order to recover agreement with the data. On the other hand, always concerning this point, doubts about the real necessity of doing so are raised by some recent findings [15] .
It is our contention that the conclusion that two Pomerons, a hard Pomeron + , and a soft Pomeron, to simplify somehow the issue are necessary, is not really required by the * One should worry, however, not only about the violation of Froissart's bound but also of the S-wave unitarity. + The intercept of a hard Pomeron would be somewhere between 0.3 and 0.5 i.e. much larger than the value 0.08 of Eq. (6) . This is why the case of Eq. (8) (5)) is obtained.
To make our point, we propose a specific small x form for νW 2 which i) fits well all the small x HERA data and ii) reduces to a form (5) (or, alternatively to a ln(1/x)) limit when Q 2 → 0. Specifically, we propose, as an example (certainly other examples could be offered) :
or, alternatively :
wherex = W 2 /s 0 , with the hadronic scale taken as s 0 = 1 GeV 2 .
These forms reduce to the wanted cases if ǫ(Q 2 ) vanishes as
Again as an example, in both cases, we choose for the intercept ǫ(Q 2 ) the specific (and arbitrary) form :
which we borrow from Ref.
[11b]. Then Eq. (9) leads to a ln 2 (1/x) behavior and Eq. (10) to a ln(1/x).
In Eqs. (10, 11 ) the parameters A P and a The result of Fig. 3 is quite spectacular and deserves some comments (the NMC data [17] , not fitted, are shown for completeness). First, recall that the data with x ≥ 5 × 10
are not the result of a best fit; in spite of this, it is only for very high Q 2 that the curve deviates considerably from the data. Second, had we used Eq. (10) taken into account to get the previous results (to perform a correct evolution, the whole machinery of structure functions, of their gluonic and of their partonic contributions would have to be properly taken into account. This, however, would obvioulsy improve the fit but would make the result depend on so many additional facts and parameters that the main point of the paper would be lost in the details of the parametrization).
In order to see what happens when a factor correcting for x not being so small is inserted into Eq. (9) (or (10)), we show in Fig. 4 the result obtained repeating the previous procedure with the form :
where,
(the same form (11) has beeen used for ǫ(Q 2 )). Fig. 4a (obtained with the form (12)) shows the equivalent of Fig. 3 i.e. the structure function as a function of x for the various available bins in Q 2 whereas Fig. 4b shows the converse i.e. the variation in Q 2 for the various bins in x. Compared with the previous result, the χ 2 (/d.o.f) (/67 HERA data )
is now 1.55 and the various parameters are now given by: A P = 5.72 10 −3 , a 2 P om = 1.12 GeV 2 , λ = 0.256, and b 2 = 0.21 GeV 2 , β 0 = 7.0, β 1 = 5.6. As expected, the overall picture has further improved proving that the large x disagreement in Fig. 3 was largely due to the lack of an appropriate treatment of the not so small x data (in Fig. 4 HERA data for x ≤ 10 −2 have been fitted, not just those below x ≈ 5 × 10 −3 as in the previous case). Notice also that the parameters already present in the previous fit have practically remained the same since they were determined to reproduce the small-x data; only the parameters involved in β(Q 2 ) are sensitive to including larger x-values in the fit. for example by using the whole machinery in which not only gluon distributions are taken into account but also partons together, of course, with their correct Q 2 evolution. This, however, raises the issue of how well one could fit the ensemble of all data on structure functions with a parametrization of the kind proposed here. We hope to come back to these questions in the future. Fig. 1 Kinematic and variables of the process l + N → l ′ + N ′ + X used in the text. Fig. 2 The fit of Eq. (7) ( obtained from Ref. 11a) to the early HERA data extrapolated to the very small x values. Fig. 3 Small-x structure function F p 2 from H1 data [1] (triangulated dots) and ZEUS data [2] (closed points and stars) plotted as function of x at fixed Q 2 compared with the fit of Eq. (9) (solid line). Only data with x ≤ 5.10 −3 have been used in the fit. The NMC data [17] (open points) are not fitted. (12). Only data with x ≤ 10 −2 have been used in the fit.
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